We present the results of a survey for variable stars in the core of the globular cluster M3. Our findings include the discovery of twelve new variables, including a possible W Vir, and the first period determinations for thirteen previously known variables. Our results provide additional support for the feasibility of a large scale, systematic survey for variable stars in the cores of galactic globular clusters that would require only modest instruments.
INTRODUCTION
M3 is the most variable-rich galactic globular cluster (Fig. 1) , and the majority of these variable stars are RR Lyraes (RRLs). Although the outer portions of the cluster were long ago surveyed for variables (e.g. Bailey 1913; Sawyer 1973) , the identification and classification of RRLs in the core has proven much more difficult. Many variables in the core, though identified as such, have poor or undetermined periods and light curves. The advent of image subtraction techniques for differential photometry, particularly the recent work of Alard (2000) , has made systematic searches for RRLs in the cores of globular clusters with modest (i.e. ≤ 1-m) instruments possible. Such studies will help to elucidate the radial distribution of the different classes of RRLs. In addition, the wide variety of pulsation behavior of RRLs serves as a testbed for theories of stellar evolution, and regular monitoring of possible period changes in RR Lyraes may help to shed light upon such phenomena as the Blazhko and Oosterhoff effects (Blahzko 1907; Oosterhoff 1939) . median of this corrected set of data became a robust statistic for the variability of that pixel. The composite of all of these pixel statistics, essentially a stacked residual image, was denoted var.fits.
On var.fits, the only stars visible were variable starsprimarily RR Lyraes (Fig. 2) . A routine was then run to search for objects in var.fits. To avoid missing variables in the crowded core, the detection limit was set to only one standard deviation, so that the program found all objects whose 'brightness' was more than 1σ above the local background. Any detections that were clearly false positives were then removed manually.
For each of the suspected variable stars, an unphased light curve was produced. The ISIS built-in routine for aperture photometry calculated the differential flux for each of the residual images. The aperture radius was six pixels.
ANALYSIS

Period Searching
To search for the periods of the suspected variables, Lomb-Scargle periodogram (Scargle 1982) and phase dispersion minimization (PDM) (Stellingwerf 1978 ) methods were used, as implemented in the R. Barbera's AVE program 1 . For each star, both methods were used to search for the bestfit period as described in this section. In nearly all cases, the resulting periods agreed to the fourth or fifth decimal place. When discrepencies existed, visual inspection of the resulting light curves was used to choose the period that minimized the scatter in the light curve.
Since the focus of the search was on RRLs, the period range 0.2-0.8 days was searched. In a few cases, when no accurate period could be found in that interval, the range was extended at both ends to allow for the rare possibility of a Cepheid or RGB star.
For the majority of the stars in the outer portions of the images, the PDM/periodogram (PDMP) analysis showed a single clear period and produced a relatively clean light curve when fit to the data. For those stars closer to the core, however, the PDMP analysis did not always suggest a single period. In these cases, periods corresponding to all of the respective PDMP extrema were tried, and the resulting light curves were compared. In many cases it was possible to eliminate other periods because they were incompatible with the type of the RRL, as indicated by the shape of the light curve. If these methods still left multiple possible periods, the candidate light curves were inspected visually to ascertain the most accurate period. For a small number of cases, no such determination could be made, and no period was assigned.
For a few stars, the noise in the light curve can be at least partially attributed to the presence of a nearby star (variable or not), whose light interferes with the signal from the variable star. These stars have been marked as 'merged' in Table 1 .
Identification
After calculating preliminary periods for all of the detected variables in the images, RA/Dec coordinates were found for each star. To do this, 20 variables were identified using the finder charts in Carretta et al. (1998) [C98]. Each variable had its identity confirmed using rough period matching from values given in the same source. Since complete astrometry for all previously known variables is given in Bakos et al. (2000) [B00], it was possible to obtain accurate RA/Dec values for each of these known RRLs. The IRAF tasks ccmap and wcsctran were then used to compute transformation equations from physical (pixel) to world (RA/Dec) coordinates for the images, and thus assign RA/Dec coordinates to each variable star in the sample. Since the accuracy of the B00 astrometry was ≤ 0.2 arcsec, the process of matching variables in the sample to known RRLs was greatly facilitated.
For nearly all detected variables, the RA/Dec matches provided an accurate means of identifying RRLs in our sample. A second means of verification was period matching. For each variable, the period was taken from the most recent source available, which was usually CC01. If the star was not included in the CC01 sample, an older period determination could sometimes be found in catalogue of Clement et al. (2001) [C01], an updated version of (Sawyer 1973).
RESULTS
We identified 140 variable star candidates using the above procedures. Of these 140, 131 proved to be variable, and these are listed in Table 1 . The new and published periods are compared, and comments are added where appropriate.
Error Analysis
The method used here calculates light curves using uncalibrated instrumental fluxes. This contrasts with most prior analyses of M3 RRL light curves which were plotted using standard apparent magnitudes. In this section, we address the self-consistency of this method and compare the results to published photometry of RRLs.
Self-Consistency
To test the sensitivity of the period searching method to variations in the data, two stars were selected at random, one with a very clean light curve and the other with a relatively noisy one. Five data points, equivalent to eight per cent of the total data set, were then randomly selected for each star and removed from the set of observations. The period searching algorithm was then run as previously discussed.
v77 was chosen as the star with the clean light curve. Period analysis on both the full and reduced data sets gave the same period, 0.459419 d. The resulting light curve is slightly better than that produced using the published value from CC01, 0.459350 d.
v214 was selected for its more scattered light curve. In this case, the best fit period changed from 0.539507 d to 0.539492 d. These are both close to the most recent published period, 0.539493 d, taken from CC01. A visual inspection of the light curves for our two derived periods show no significant differences.
These results imply that our method is fairly robust: a slight pertubation of the data set does not have a substantial impact on our derived periods to four decimal places.
Comparison with Published Periods
Another test of the accuracy of our method is how well it reproduces periods and light curves for well-studied stars. One difficulty is that we are studying primarily the inner core of M3, where the scatter in the data is inherently higher. However, many stars with previously measured periods were included in our field of view.
For example, many variable stars in the uncrowded outer portions of M3 were studied here and by CC01. For each of these variable stars, the light curves associated with the repsective periods were compared by PDMP analysis and by visual inspection. In many cases the period search algorithm was used on an interval that contained the CC01 period and excluded ours to ascertain whether the CC01 period was a secondary extrema in the PDMP analysis of our data.
For each star studied by CC01 and included in our sample, we found that the period determined by our analysis gave a fit that matched or exceeded the fit obtained using the CC01 period. In the latter cases, though the CC01 period might have a larger number of decimal places, PDMP analysis and visual inspection suggested that our periods were a better match than the CC01 periods to our data. In total, we found that 70 stars had period differences of less than 0.001 d between our period and the CC01 period. Twenty-eight additional stars had period differences of 0.001 d or more.
Since M3 is an Oosterhoff I cluster, the expected period change rate (β) is relatively low-CC01 found that typically, β < 1 day Myr −1 . Thus, given that the CC01 periods were determined using 1992-1997 data, it seems unlikely that more than a few of these differences could be reasonably attributed to period changes.
For seven of these 28 stars (v41, v148, v165, v170, v201, v209, v226) our periods agree with the C98 or C01 periods to within 0.001 d. Nine of the remaining 21 stars are listed as "blends" by CC01. Their color index suggests the light of the variable star is mixed with that of a nearby non-variable star. Two additional stars merged with other RRLs (v122 with v229, v241 with v262). This merging may have led to a somewhat higher uncertainty in the period. For these eleven stars, we could not make an unambiguous determination as to which period gave a superior fit.
Seven of the remaining ten stars have noisy published light curves in CC01. Two of these stars (v193, v235) had coverage too poor in our data set to make a definite determination between our period and the CC01 period. For each of the other five stars, we plotted the light curves for both periods, and present them side by side for comparison in Figure 3 . Visual inspection of these light curves indicates that our periods give superior results for each of these five stars. Though three of these five stars (v161, v175, v184) have periods included in C01, neither our periods nor those of CC01 agree with the C01 periods to 0.001 d.
Only three of the original 28 stars with period discrepancies greater than 0.001 d have both clean published light curves in CC01 and clean light curves when phased with our periods. Further study of these variables (v149, v208, v219) is needed to determine the correct periods.
Accuracy
These consistency tests and the fact that the data spanned between 200-400 cycles of most variables led us to conclude that our measured periods were accurate to approximately 0.0001 d. In some cases our periods appear to be valid to at least 0.00001 d, and revised periods spanning many more cycles will be published in a future paper. Therefore, all of the measured period values in Table 1 are rounded to four decimal places. Published values are rounded to four places for comparison.
Notes on Individual Variables
Comments on some of the newly discovered, suspected, and previously known variable stars are given below. Light curves for the newly discovered variables, labeled S1-S12, are presented in Figure 4 , unless no period could be determined. RR Lyrae types are identified using the descriptive nomenclature of C01, based on pulsation modes. In this system, RR0 and RR1 denote fundamental and first overtone pulsators, respectively, corresponding to Bailey types RRab and RRc. RR01 refers to double-mode stars pulsating in both the fundamental and first overtone frequencies, commonly called RRd stars.
v29: CC01 misidentifies this star as v155, an error present in a previous paper (Evstigneeva et al. 1994) .
v122: Although the light curve produced by our period, 0.5165 d, is noisy, that given by CC01, .5060 d, does not fit the data. The discrepency is likely due to the merging of v122 with v229 on the images.
v154: Because our data covers only 12 full cycles of this star, it is likely that our period, 15.43 d, is less accurate than that published in C01 (15.28 d), although our results do agree with C01 to the twelve period (∼ eight per cent) accuracy our data allows.
v224: This star does not appear to be variable, but a definite determination could not be made using our data set. It is identified as variable X38 in Kholopov (1977) .
v250: There is no previous period determination for v250, for which there are two close candidate stars (Bakos et al. 2000) in the WF/PC Hubble Space Telescope images of Guhathakurta et al. (1994) . The confusion due to the companion resulted in an inconclusive PDMP, with several possible periods. Visual inspection of the resulting light curves suggests a period of 0.5586 d.
v273: This star was identified as a long period variable by B00. Our analysis gives a period of 46.43 d, although this is poorly constrained because fewer than three cycles are covered by our observations. If this period is correct, the star could be a short period SR-type or a long period W Vir. S1: This star has a large scatter in its light curve. Al-though a period of 0.3868 d best fits our data, this is unusually short for an RR0. A possible alternate period is 0.6310 d. S2: The light curve is very noisy, but apparently that of an RR1. There are no obvious period candidates besides 0.2980 d.
S3: The period 0.3965 d provides the best fit. There is little data around maximum, however.
S5: Though 0.5075 d falls outside the normal range for RR1 variables, the light curve most closely resembles that of an RR1 and gives a clean fit to the data. Such a classification is not unprecedented in M3-the RR1 star v70 has a CC01 period of 0.4861 d. However, more data is needed to confirm this assignment.
S7: Although the period 0.6090 d gives the best fit, the light curve is very noisy.
S8: No period in the normal RR Lyrae range (0.2 d -0.8 d) fits our data. We find possible periods of 0.9883 d, 1.3267 d, and 4.0433 d, with the second of these producing the least scatter. The first two periods fall within the W Vir range, but since no magnitudes were calculated, we cannot confirm whether its period matches that predicted by the Population II Cepheid period-luminosity relationship. While it could be a star on the tip of the RGB, the best fit periods are far too short for the most common candidates (e.g. Mira, SR). Thus, until more observations are made, we label this a suspected W Vir, period 1.3267 d.
S9: Our analysis suggests that this may be a long period variable, possibly an SRa or SRb. No unambiguous period measurement was possible over the limited time baseline of 119 d. S10: The period .4261 d is favored by our analysis; however, large scatter near the minimum and poor coverage make this value uncertain. S11: While the best fit for our data, the period 0.4778 d nevertheless gives an extrememly noisy RR0 light curve. S12: This star is likely an RR0 variable, but no clear period could be found.
CONCLUSIONS
We have conducted a survey of variable stars in the core of the globular cluster M3. We discovered twelve new variable stars, which include ten RR Lyraes, one unidentified long period variable, and a suspected W Vir. For thirteen previously known variable stars, our period determinations are the first. Additionally, we have updated period data for dozens of other poorly studied stars in the core. The success of this study, due largely to the efficiency of the Alard ISM, should be taken as further evidence for the feasibility of a systematic large scale survey of variable stars in the cores of galactic globular clusters using modest instruments.
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